Proper adherence to infection control precautions, including appropriate selection and use of personal protective equipment (PPE), is of significant importance to the health and well-being of perioperative personnel. Surgical masks are intended for use as a barrier to protect the wearer's face from large droplets and splashes of blood and other body fluids; however, surgical and high-filtration surgical laser masks do not provide enough protection to be considered respiratory PPE. Potential exposure to airborne contaminants and infectious agents, including those present in surgical smoke, necessitates the use of respiratory PPE, such as a surgical N95 particulate filtering facepiece respirator. Filtering facepiece respirators greatly reduce a wide size range of particles from entering the wearer's breathing zone and are designed to protect the user from both droplet and airborne particles. Every health care worker who must use a respirator to control hazardous exposures in the workplace must be trained to properly use the respirator and pass a fit test before using it in the workplace. AORN J 97 (April 2013) 458-467. Published by Elsevier, Inc., on behalf of AORN, Inc. http://dx.
S urgical personnel are vulnerable to a variety of hazardous substances, including potentially infectious agents present in surgical smoke given their prolonged exposures to surgical smoke during the course of their career. [1] [2] [3] A growing body of scientific evidence indicates that 95% of surgical smoke consists of water, but the remaining 5% may contain potentially hazardous particles, including dead and live cellular material; blood fragments; bacteria; viruses; toxic gases and vapors (eg, benzene, hydrogen cyanide, formaldehyde); and lung-damaging dust. 1, 4 Typically, within five minutes of the beginning of an electrosurgical procedure, particulate matter in the immediate area increases from a baseline measurement of approximately 60,000 particles per cubic foot to more than one million particles per cubic foot. 5 Burning 1 g of tissue releases the same level of mutagenic toxins as smoking three to six cigarettes. 6 In addition, it takes the typical OR airflow recirculating system approximately 20 minutes to return particle concentrations to normal after a surgical procedure is complete. 5 Several reports within the past decade have indicated that health care workers are inconsistent with and have suboptimal adherence (ie, less than 60%) to recommended infection control precautions. [7] [8] [9] For example, the lack of adherence to proper infection control precautions, including use of respiratory personal protective equipment (PPE), was documented during an H1N1 influenza outbreak. [10] [11] [12] Both the Occupational Safety and Health Administration (OSHA) and the Centers for Disease Control and Prevention Healthcare Infection Control Practices Advisory Committee (CDC/HIC-PAC) have stated that, based on the evidence, there appears to be marginal compliance with proper use of respiratory protection guidelines by health care workers. In addition, OSHA warns that, given the emergence of "new infectious diseases that affect both patients and [health care workers], compliance with recommended infection control practices is an increasingly important issue." 13 Therefore, reinforcing and monitoring day-to-day compliance are necessary steps that must be undertaken by both the individual employee and employer. 13 Surgical masks are the most commonly used protective facemask in perioperative and other hospital settings. 14 These masks are intended for use as a barrier to protect the wearer's face from large droplets and splashes of blood and other body fluids. In certain clinical situations, however, potential exposure to airborne contaminants and infectious agents also necessitates the use of respiratory PPE, such as an N95 particulate filtering facepiece respirator (ie, surgical N95 respirator). 15, 16 The term N95 refers to a National Institute for Occupational Safety and Health (NIOSH)-approved and US Food and Drug Administration (FDA)cleared particulate filtering facepiece respirator that can filter at least 95% of airborne particles. The term surgical mask refers to an FDA-cleared laser, isolation, or medical procedure mask, with or without a face shield, worn "to protect both the surgical patient and perioperative team members from transfer of microorganisms and body fluids. Surgical masks are also used to protect health care providers from contact with large infectious droplets (> 5 micrometer [mcm] in size)." 17(p357) The term protective facemask refers to a surgical N95 respirator or surgical mask that covers at least the nose and mouth to reduce the wearer's risk of inhaling hazardous airborne particles (including dust particles and infectious agents).
The primary objective of this article is to differentiate between surgical N95 respirators and surgical masks, a most significant and perhaps easily misunderstood issue. The secondary objective is to reinforce awareness of common workplace hazards in which voluntary and precautionary use of surgical N95 respirators may be advantageous to the health and safety of surgical health care workers.
Do-Not-Use Abbreviation
Surgical N95 respirators prevent the passage of a wide size range of hazardous airborne particulate matter from entering the wearer's breathing space. Airborne particulate matter is measured in micrometers, formerly called microns. The Greek letter m is often used to show the prefix micro, and mm is used for the unit of measure micrometer. This Greek letter, however, can be mistaken to mean unit, 0, cc, or mg; therefore, the Institute for Safe Medication Practices has placed m on its list of abbreviations, symbols, and designations that should never be used when communicating medical information. As a result, practitioners should spell out the word micrometer or use the abbreviation mcm. 1 
PROTECTIVE DIFFERENCES
Varying degrees of protection are associated with different types of respiratory PPE. 18 Although several types of respirators are available, those most commonly used by health care workers usually fall into the category of air-purifying filtering facepiece respirators. These fit-tested devices are personal protective devices that are worn on the face, cover at least the nose and mouth, and are composed of a filter that prevents the passage of a wide size range of hazardous airborne particulate matter, including dust particles and infectious agents, from entering the wearer's breathing space.
All filtering facepiece respirators must pass certification tests conducted by NIOSH. 18 To help ensure adequate performance, the NIOSH certification test challenges filtering facepiece respirators at a high flow rate using charged-neutralized aerosols in the most penetrating size range for most filters. 19 Those filtering facepiece respirators that prevent at least 95% of particles from passing through the filter during a worst-case test are given a 95 designation. Similarly, those that prevent 99% and 99.97% of the particles from passing through the filter are given the designation of 99 and 100, respectively. 19 As part of the OSHA-required respiratory protection program (29 CFR 1910.134 ), every health care worker who must use a respirator to control hazardous exposures in the workplace must be trained to properly use the respirator and pass a fit test before using it in the workplace. 20 Fit tests can be performed in a qualitative or quantitative manner. During a qualitative fit test, the taste or smell of the test aerosol is a sign of an improperly fitting respirator. It is a subjective test that is dependent on the sensitivity of the health care worker. Quantitative fit tests require the use of an instrument that permits a technician to monitor particles in the room air as well as particles inside the respirator while it is being worn by the health care worker. The ratio between the room count and the count inside the mask determines the health care worker's fit factor for that surgical N95 respirator. For a passing test, the fit factor must be greater than or equal to 100. 20 The fit test ensures that the health care worker is wearing a surgical N95 respirator that can provide a good facial seal and, therefore, expected levels of protection. One key aspect of determining the effectiveness of a surgical N95 respirator is performing a user seal check. Every time a person dons a N95 respirator, he or she should perform the manufacturer's recommended user seal check method to ensure that an adequate seal has been obtained. The surgical N95 respirator only provides protection when the respirator is adequately sealed to the wearer's face, and a user seal check aids the health care worker in determining whether the respirator is fitting properly.
If the health care worker feels air coming in or going out around his or her eyes or chin or feels his or her glasses fogging during a user seal check, the surgical N95 respirator should be adjusted or replaced. User seal checks are not substitutes for qualitative or quantitative fit tests.
The CDC/HICPAC infection control transmission precautions instruct health care workers to use droplet precautions for certain pathogens and airborne precautions for others. This guidance is based on a pathogen's known epidemiology (ie, patterns of transmissibility and infectivity). 15 Particle size does not affect the infectivity of the pathogen; however, the principle that smaller airborne particles can travel farther and remain suspended in room air longer than larger particles (ie, droplets) is also an important factor to consider in selecting the best protective facemask ( Figure 1 ). Filtering facepiece respirators, such as N95 respirators, are designed to protect the user from both droplet and airborne particles, and they come in many sizes and are designed to seal to the face. Both surgical N95 respirators and surgical masks are disposable, single-use devices that should be worn during a single patient encounter by a single person and should not be shared between wearers. 18 High-filtration surgical laser masks were designed as a form of barrier or source control. When placed on a contagious patient, surgical masks limit the spread of large-sized droplet respiratory secretions to others. When worn by a health care worker, the patient's incisions are protected from infectious agents present in the worker's mucus and saliva, while at the same time, the worker is protected from any sprays of blood or body fluid coming from the patient. Only protective facemasks cleared by the FDA as medical devices are recommended for use in health care workplaces. The FDA does not independently test the devices but rather reviews the manufacturer's testing data for n filter efficiency, n breathing resistance, n flammability, and n fluid resistance. 19, 21 In addition, with regard to the filter efficiency requirements for FDA clearance, a surgical mask must perform as well as one other cleared surgical mask currently on the market. 19 Two key features associated with the level of protection provided by high-filtration surgical laser masks are filtration efficiency and fit. Studies have shown that the filtration efficiency for surgical masks is highly variable depending on the type of mask and the manufacturer. 22, 23 The filtration efficiency can be as high as that of a surgical N95 respirator, but even when surgical masks with the most efficient filter media (ie, high-filtration surgical laser masks) are properly worn, the fit factor obtained is quite low. Oberg and Brosseau 22 conducted filtration performance and fit tests with nine types of surgical masks and found that none of the models tested exhibited adequate filter performance and facial fit characteristics to be considered equivalent to a surgical N95 respirator. Surgical masks are not designed to seal to the face. Without an adequate seal to the face, inhaled breath is not forced through the filter and instead flows through the gaps around the seal area, providing minimal protection by allowing potentially hazardous contaminants to enter the workers' breathing zone through gaps between the wearer's face and the mask. Therefore, surgical and high-filtration surgical laser masks do not provide the degree of protection to be considered respiratory PPE.
AIRBORNE CONTAMINANTS AND RESPIRATORY HAZARDS
Several characteristics of airborne contaminants should be taken into consideration for choosing the proper type of protective facemask:
n What is the hazard? n How infectious is the hazard? n What is the dominant mode(s) of transmission (ie, contact, droplet, aerosol)? n What is the particle size of the airborne hazard?
If any of these factors are unknown, being cautious and using at least a surgical N95 respirator may be beneficial. Because of its greater filtration capacity, a surgical N95 respirator will greatly reduce a wide size range of particles from entering the wearer's breathing zone. Therefore, a surgical N95 respirator provides more protection from a wider range of pathogen-carrying particles than a surgical mask.
When people speak, sneeze, or cough, they release particles that may contain pathogens. The size of the airborne pathogen is important because the smaller the particle, the longer it can remain aerosolized (ie, suspended in the air). In addition to suspension time, particle-size range affects how far an inhaled particle can travel; smaller particles can travel deeper into the airway, which increases the risk of potentially adverse health effects. Bacteria can be as large as 30 mcm or smaller than 0.3 mcm. 24 Viruses are smaller and can range in size from 0.01 mcm to 0.3 mcm. 14 Primary infection for Mycobacterium tuberculosis occurs deep within the lung, whereas smallpox and pneumonic plague can occur in both the upper and lower respiratory tract. 25 Every day, health care workers encounter hazardous particulates while treating patients, and these encounters necessitate different forms of protective precautions. Droplet precautions are used to prevent large droplets generated from coughs and sneezes from reaching the mucous membranes of the nose and mouth of the health care worker. This level of protection can be achieved with a surgical mask or a surgical N95 respirator. Diseases requiring droplet precautions include meningitis, pneumonia, mumps, and rubella. As an example, occupational transmission of Neisseria meningitides was reported in 2009 as a result of exposure of health care workers who were not wearing any type of protective facemask. 26 Another case reported health care worker transmission of bacterial meningitis to five patients after intrapartum spinal anesthesia where established infectioncontrol recommendations, including the use of a mask by health care workers, were not followed. 27 Regardless of their size, certain diseases can be transmitted through airborne routes and require more stringent precautions: negative pressure rooms, isolation rooms, and respiratory protection at least as protective as a surgical N95 respirator. Various pathogens, their size ranges, and the corresponding comparison of surgical mask and surgical N95 respirator ranges of particulate protection are shown in Figure 2 with examples of airborne-transmissible diseases (ie, tuberculosis, chickenpox, rubeola) depicted by the dotted boxes. 28 Certain treatments may require health care workers to convert from using droplet precautions to using higher order control measures provided with airborne precautions. Aerosol-generating procedures create smaller droplets than those generated by sneezing or coughing, thereby increasing the suspension time of the particles. 29 Aerosolgenerating procedures include bronchoscopy, endotracheal intubation, suctioning, and nebulized medication administration. Assisting in such procedures requires health care workers to be within 3 ft of the patient, which leaves them vulnerable to droplet sprays as well. Health care worker involvement in these high-risk procedures has been linked to increased transmission of severe acute respiratory syndrome (SARS). 29, 30 A systematic review of studies revealed that health care workers who performed endotracheal intubation on patients diagnosed with SARS were 13 times more likely to contract the illness than were health care workers who cared for patients with SARS but did not assist in the intubation. 31 Various surgical techniques also generate aerosols known as surgical smoke or surgical plume. Health care workers assigned to surgical suites must be aware that this environment has two types of particulate hazards: the particles themselves and the viable biological pathogens that account for some particles. As stated earlier, the size of the particle affects how long it remains suspended in the air and how far it can travel into the respiratory tract. Electrosurgical procedures generate particles about 0.07 mcm in size, laser procedures create particles about 0.31 mcm in size, 2, 32 and ultrasonic scalpels produce particles that range in size from 0.35 mcm to 6.5 mcm. 2 Particles smaller than 5 mcm are categorized as lung-damaging dust, and working in surgical smoke can result in acute and chronic respiratory changes including emphysema, asthma, and chronic bronchitis. 2 It has been reported that small particles less than 1.1 mcm in diameter constitute 77% of the particulate matter found in surgical smoke. 33, 34 Surgical laser masks do not seal to the face and offer no protection from particles smaller than 1 mcm in size. 32 In fact, "if the wearer wants to reduce inhalation of smaller, inhalable particles (those less than 100 [mcm]), they need to obtain and properly use a NIOSH-certified respirator." 16 Cells, including aerosolized blood, 35 bacteria, and viruses, make up the biological components of surgical smoke. 34 The viability of the pathogens released during surgery depends on n the length of the surgery, n the type of instrumentation used, n the presence of bacteria or virus in the patient, and n the type of procedure. 2 Bacteria and virus cells have been detected in surgical smoke and can remain viable for up to 72 hours. 34 Surgical smoke generated during laparoscopic procedures has been found to contain whole mesothelial and blood cells. 36 One study found that nine out of 10 surgeries using high-speed surgical instruments and 16 of 17 coagulation devices produced aerosolized blood mists in the OR. 37 Biologically active bacteria (ie, Staphylococcus, Corynebacterium, Neisseria) have been detected in laser resurfacing plume. 38 Human papillomavirus (HPV) DNA has been detected in carbon dioxide laser smoke during laser vaporization of warts. 39, 40 There are two documented cases of health care workers contracting HPV as a result of occupational exposure. In 1990, a 44-year-old surgeon was treated for removal of laryngeal papillomas. The DNA tests of the lesions indicated HPV types 6 and 11, and the only source of contamination was traced back to the surgeon's patients who had undergone laser surgery. 41 A second case involved a 28-year-old gynecological OR nurse who repeatedly assisted in laser surgical and electrosurgical excisions of anogenital condylomas. This case was defined as an occupational disease because of the high correlation between the nurse's repeated exposures and her contraction of HPV. 42 
RECOMMENDED PRACTICES
Given the known hazards, several professional and national organizations have established recommended practices to use during smoke-generating procedures in the OR. AORN, 15 the Laser Institute of America, 43 the American National Standards Institute, 43 and The Joint Commission 44 each recommend that surgical smoke be filtered and evacuated through the use of room ventilation and local exhaust ventilation methods; NIOSH recommends a combination of OR air exchanges and local exhaust ventilations as the first line of protection for controlling surgical smoke. 4, 18, 19 Despite these recommendations, a 2007 survey of 623 AORN members indicated weak compliance with recommended control measures. 45 In 2010, a follow-up survey of 1,356 AORN members indicated that the use of wall suction, a less-effective local exhaust ventilation method, had increased significantly for almost all smoke-generating procedures, as did the use of high-filtration surgical laser masks. 46 However, the use of smoke evacuators and the use of NIOSH-approved surgical N95 respirators had not changed significantly. 46 In addition, a recently published comprehensive analysis of all literature pertaining to lasergenerated air contaminants suggests that the known exposure risks coupled with the inconsistent use and marginal adoption of recommended local exhaust ventilation and respiratory control measures warrant a campaign for targeted health and safety training. 47 Based on the compendium of evidence, the authors of the literature review recommend the use of a surgical N95 respirator in the presence of laser-generated air contaminants as a prudent course of action. 47 High-filtration surgical laser masks are not designed to provide protection from the atmospheric contaminants present in surgical smoke, 43 and high-filtration surgical laser masks provide less protection to the wearer from particulate hazards than a fit-tested surgical N95 respirator. 47 According to the AORN "Recommended practices for laser safety in perioperative practice settings," during high-risk or aerosol-generating procedures in patients with or suspected of having transmissible infections (eg, HPV, tuberculosis, rubeola, varicella), respiratory protection that is at least as protective as a fit-tested surgical N95 respirator should be used in conjunction with local exhaust ventilation. 15 For instance, according to AORN's "Recommended practices for laser safety in perioperative practice settings," a surgical N95 respirator should be used in conjunction with a smoke evacuator during laser evaporation of a condyloma. 15 
CONCLUSION
The CDC/HICPACrecommended precautions for transmissible diseases provide a generally reliable method for selection and use of PPE. 48 compliance with recommended precautions and practices is an important indicator of a health care organization's commitment to a culture of safety. This includes the appropriate selection of protective facemasks. The differences in the protective features of high-filtration surgical laser masks and surgical N95 respirators for commonly encountered respiratory hazards are illustrated in Figure 3 , which can be used as a selection guide. Health care administrators should encourage individual health care workers, in conjunction with infection preventionists and occupational health or industrial hygienists, to examine the appropriate selection and use of protective facemasks. Health care workers should personally consider the patient's diagnosis, how closely they will be working with the patient, and the treatments being performed.
When working in the OR during smokegenerating procedures, especially laser procedures, if a health care worker can smell the plume, potentially dangerous and infectious debris and contaminants are being released into the atmosphere that could cause adverse health effects. 47, 49 All health care workers should be vigilant because bloodborne pathogens are known to be released during procedures on patients infected with HPV, HIV, and hepatitis. 50 In such situations, at a minimum, health care workers should use a fit-tested surgical N95 respirator to ensure appropriate protection. Respiratory PPE is the health care worker's last line of defense, but the best respirator will do little to protect an individual who does not know when to use it or how to use it properly.
